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INTROUUCTION: /

The study of the extreme ultraviolet (iUV) radiation from
the sun is, and since 1958 has been, an active and q9namic field
or research. There have been a dozen or more rockaé flights in
addition to the first Orbiting Solar Cbservatory observe the
solar spectrum in wavelengths near 300A, Also, the case of
7avelengths in the neighborhood of 10A, numerou7/rocket
measurencnts have been made in addition to obs7rvations from
three highly successful satellites; Solar Radyﬁtion-l, Crbiting
Solar Ubservatoyy-l, end Ariel-l. lost of tﬁése measuremnents
have been carried cut by groups at the baval Research Laboratory,
Alr Force Cambridgze Research Center, Coudara Space Flight Center,
University of Colorado, University of Lelcester and University
College, London. In general the satellite observations discussed
below refcr to 0S0-1, not because tnﬂy are any more significant
than other data but rather because/ﬁhe 0S50-1 measurements are

more familiar to the author. /




SULAR X-RAYS (1-104)

Pract =zally all of the carly studies of solar X-rays
near 104 were made by the group at the Naval Research Laboratory
(I'riedman, Lichtman and Byraﬂxtlj s Zyram, Chubb and Friedman [2].)
The research in 1956 utilizing a rockoon launch from an LSET in
the Facific Ocean led to the discovery of a significant enhancement
of soft X-rays associated with a small solar flare (Chubb,
Friedman, Kreplin and Kuppgerian [3].) The following year, a
nunber of Nike Deacons were launched during solar flares confirming
the causality relationship between the X-ray enhancement and

radio fadeout. In fact, with one of these flights X-rays were

detected 63.5 Km above the earth's surface, (Friedman, Chubb,

Kupperian, Kreplin and Lindsay [4].) Since these observations,
nunierous other rocket measurements have been made by NRL, the
University of Leicester group and Godcdard Space Flight Center,
to study solar Z-rays. The rocket results have been reconfirmed
and/or superseded by satellite observations.

Three satellites have made measurements of solar radiation
at aneléngths near 10 Angstroms., These were the sSolar Radiation-l
(5R-1), launched June 22, 1960, (Xreplin, Chubb, and Friedman [5]),
followed by the first Orbiting Solar Observatory (USC-1),
launched March 7, 1962, (White, [6] ), and Ariel, launched April
25

Two types of detectors Were used in these measurements.

. SR~1 and 0S0-1 utilized ion chambers which responded to wavelengths




shorter than 8A and 11A, tespectively. Ariel, on the other

hand, carried proportional counters vwhich measured the wavelength
distribution as well as intensity from 3 to 134. Since 0S0-1

and Ariel were in orbit simultancously, some cross checks of

data have been possible,

The Orbiting Solar Observatory-l, due to the use of "on board®
tape recorders, provided observations that were as ncar continuous
as possible for a low altitude (6G0 Km) circular brbit nearly
equatorial, This continuity, combined with adequate experimont
sensitivity, made it practicable to study the "quiet" as well
as the slowly-varying component of the sun's X-ray emission.

In oxrder to calculate the full scale sensitivity of the 0SO-1
experiment, the spectral shape measured by Founds, Willmore,
et al [7] for April 27 was chosen as the most appropriate.

This spectrum is consistent with a 2.8 x (lO)6 °x plasma with
wavelengths in the 3-11A interval contributing to the output
current of the ion chamber vwhose response is shown in Figure 1.
The full scale sensitivity for 3-11A X-rays is then found to be
1.8 x 1073 ergs cm™?  sec™i, For' comparison with the earlier
SR~1 measurement (Kreplin et al [5] ) over bandwidths specified
as 2-8i, the full scale sensitivity of the 0S0-l experiment is
3.6 x 1074 ergs e % sec™t .

The sun was mest cooperative in that during the first week

after launch, and for a similar period one solar rotation later,

the sun was very quiet. The sunspot number was reported as
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11 on ilzazeh 11, 1982, with o Ca» plaze welghted arca of
2 x 163 ({n millionths of solor hendspbore). The subscguent
rotaticn ¢f the sun brought several centers of activity onte
and acrors the wisible digh so that on liaxeh 28, 1962, th
suispet number Was approninately 90 and tha Cas plaje weighted
arca was 5.5 x 109,

During the next rotetion on Jpril 6, 19062, tdwe lowest X-ray
£lux encountered by CULC-l was measured. Foz wavelengthis less
than €A the flux vas 3.6 x 1077 exy, c? sec™ds for ¥avelengths

1

2 - -
“ sec™*, This may be considered

css than 114, 1.8 x 107% crg o

Pt

ae an upper bound on the X-roy flux fzon the squiet sun., This
fiwx cccurred at o time when only 3 small plages were visible on
the disk and there was no lipd activity. fuch a qulet" reading
is shown in Figure 2, wicere for about oue hour the X-ray flux is
practically constant,

It is of interest to note that such qulet evrbits were rare.
Examdnation of several hundred crdits discleosed only six houss
(six orbits) in vhich the Z-ray f£lux was almost constant, varying
by less thon 5% duxing the hour pericd. It is concluded that the
Ievay cmisslion from Bhe sun iz varying sluost continually oa an
bourly basis,

A5 the rotation of tha sun carriced soverel conters of activity
onto end ecrozs the visible disk the effect of plage activity on
the solar X-roy flux was obscrved., A& cooparison of the slowly
varying component of the 10A X-ray flux with 2800-lc radiation
and plage activity is shown in Figure 3, confirming that locolized
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sources of

solar X-rays are assoclated with centers of activity,
It can be seen that the smoothed X-ray flux correlates with the
cxcess of the 2800-Mc flux above a background of 75 flux units
appropriate for the "quiet" sun at that phase of the solar cycle
(Covington and Marvey [&].)

A word of caution concerning the flux values quoted above,
and generally, in the literature is in order. Both the Ariel [7]
and 0s0-1 [6] data are not cxplainable on the basis of a continuum
radiation from a hot plasma., The problem is that a calculation
of the thermzl emission from even a 3 million dezrce plasma falls
short of the measured intensities, assuming the entire corona
‘ig at that temperature. White [6], using estimated upper limits
of clectron density and temperature supplled by Billings [9] from
observations of plazes on the sun, April 6, 1962, and assuming the
volune of a plage rezion to be a “pillbox" with a height equal
to the plage radius, calculated the X-ray f£lux from the plage.
Even then the continuum radiation was low by an order of magnitude.
It was concluded that the major portion of the flux must be due
to line cmission. Founds, et al (7] using Arlel data, arrived
at a simiiar conclusion., Since the line spectra energy distribution
is not known, quoted flux values may bo in considerable errox.

In addition to these quasi steady-state conditions, transient
events (X-ray flares) lasting from a few minutes to a couple of
hours were observed by SR-1, 050-1 and Ariel, Several such events
observed by 0sC-1 are shown in Figure 4. The event (Orbit #6)
shown in Figure 4 contained a total energy below llA of about

2 (10)27 ergs. The flux at the maximum was approximately

“« 8 =



100 — .
L ORBIT# 6
80|
60
40
I
20+
o-lllllllllllllljlAllllllljllllll
1:30 1,40 1:50 "~ 200 2:10 2:20 2:30
UNIVERSAL TIME b
S-16 CH.4 X-RAY MONITOR
ORBIT 6 DATE03~-06-62
w .
< 100
o ORBIT # 4
% 8o
<L F
g 60}
2 ad
g‘wk /\/\_
5 201~
: o~ i AL A 1 l i A A 'y l L i A A l 4 A i A l i 4 2 q 'l
& 22120 2230 22:40 22:50 23:00 2310
= UNIVERSAL TIME gt
S-16 CH. 4 X-RAY MONITOR ' o o
ORBIT4 DATEO03-07-62 o
100~ ] 
a ORBIT # 59 I
80}~ T
60 o
40— !
20} _ ;f
i L i A A 1 L Ad, L l r'3 L y S | l ' 3 i Y L'l K 3 e ’ ? :
12:50 13.00 13.10 i3:20 13:30 13.40 L

UNIVERSAL TIME Ry
S-16 CH.4 X-RAY MONITOR .
ORBIT 59 DATEOQ3-iI-62

Figure 4. Typical Transient X-ray Events Obsserved by

0S0-1

1]



-3 -2 -1 . . .
1.6 x 10 erss €m © sec T in ithe interval 3-114 or

3.0 x 1073 ergs en™? sec™* for 2-84, This was not a very large
event compared to some that have been observed, however, other
_than the 0501 observations, there have been only one or two
flares for which a complete time history of X-ray emission has
been recorded.

Another Xeray event (Figure &4, Urbit #4) occurred
simeltaneously with an l~alpha flare reported to have begun at
approximately 22:42 UT, to have reached maximum intensity at
22:44 UT and to have ended at 22:55 UT. although the X-ray
enhancenent coincided fairly well with the beginning of the
H-alpha event, the peak I-ray intensity was observed after the
L-alpha maximum and X-ray enhancement existed after the reported
end of the H-alpha flare., Of the X-ray flares observed by 0s0-1,
residual X-ray enhanccement after the end of the H-alpha flare
was quite cormon, The X-ray data for Orbit #59 (Figure 4)
illustrates the great variability of solaxr X-ray flux. Although
not shown, during several orbits significant variations in the
X-ray flux were observed to take place in the order of a second,

Practically all the flare encrgy spectrum data available
has been recorded by Ariel., The flare associated X-ray spectrum
was observed to intensify and harden compared with the pre-flare
spectrum with the degree of enhancement varying widely from
flare to flare; sometimes having no counterpart in H-alpha.

In addition, X-ray enhancements appeared to be much more frequent.

- 10 =



To illustrate, the 7-day intervel between launch of 050-1 and
llarch 14, 1962 (at which time the rising of plage #3370 on the
cast limb supplicd enough X-ray emission to carry the experiment
off-scale), approximately 60 X-ray flarc events (Flgure 5),
lasting from 10 minutes tol hour were scen, and 4 events were
seen to last absut 3 hours. wing this same intexrwal
(1620 UT March 7, 1962, to 1620 UT March l4, 1962) some 33 H-alpha
flarcs were reported by grourd-based observatories. Of these
H-alpha flares, 6 would have been unobservable from C5G-1 for
varlous reasons (satellite night, follure to command data storage
readout, etec,). Of thc reszining 27 li-alpha flares, 3 occurred while
the X-ray experiment was still off-scale because of a previous
large event. This leaves 24 H-alpha flares which can be tested
for corrclation with the X-ray flaves, Cf this group of 24, it
appears that 11 correlate well, 3 daefinitely have no counterpart
in ¥-rays, and the rvemaining 10 are doubtful because of in-
sufficlent data or an cxcessive time difference (10 minutes).
Conversely, there are 6 full-scale or greater X-ray events for
which no H-alpha flare wes reported, cven though observations
rere prosumably belng made at the time, Certainly more obscrvations
will be required before a definite statement can be made re-
garding a correlation or lack thercof, betwecen H-alpha flares
and X-ray flares.

In looking for correlations with Sudden Ionospheric
Disturbances, all X-ray events exceceding the fulle-scale saturation

level were barely detectable (if observing conditions permitted),

« 11 -
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in Yudden rhase Anomely data for VLT transmizsion via the D
layer. Cnly the large event of 13 larch was secn in ionospheric
indices other than &PA's, Correclation with transients in the
2800«tie solar flux is good; but again, full scale X-ray events
are rcpresented by extremcly small cvents (1 to 2 flux units)

in the 2800-lic data, Figure 6,

SR~1 results have led to the conclusion (Kreplin et al [5])
that if the X-ray flux }<8A excccded 2 x 1072 erg em™% sec™t
radio fadeout and other SID phenomiena occurred simultancously,
It was also observed that active prominence rezions, bright
limb surges and small limh flares produce X-ray cvents that
resemble those accompanying disk flares. For example, SR-1
observed, on July 24, 1960, a long duration X-ray event of
sufficient intensity to produce ionospheric cdisturbances
eccompanying a rising limb prominence. The event was recorded
photographically as well as in its Z-ray cmission. Znhanced
X-ray cmission was observed for about 8§ hours with the mean flux
reaching 5 x 1073 ergs em™? see™t ., There was no visible flare,
however, ionospheric records detected a radio fudeout that
occurred simultancously with the increase in X-ray emission and

lasted until the X-ray intensity returned to a normal level,

SOLAR RADIATICN (50-4004)
To observe the spectrum below about 500A it 1s nccessary
to use Instruments in grazing~incidence, The first successful

flight of an instrument such as the grazing-incidence spectrozraph

- 13 -
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was made by Violett and Rense [10] of the University of Colorado
onn June 4, 1958. This was followed by a tzecond flight on

larch 20, 1959, The rccords of these flights show a large
number of LUV emission lines, including the 304A line of Helium
II Lyman~-alpha, Unfortunately, cdue to the large amount of
scatter-lipght which is inhercent in grazing-incidence,
interpretation of the data was extremely difficult.,

Dy using photoslectric detection with a thresheld at about
14004, Einteresger and his colleagues at Air Force Caldbridge
Research Center have been able to reduce the scattered light
problem, Using grazing-incidence monochromators with photo-
electric detection and telemetering the data during flight, the
AFCEC group has had mumercus successful rocket flights, Their
ecarliest record of the LUV below 4004 was obtained January 29,
1960, followed by a flight on August 23, 1960 (Hinteregzger [111];
Ball, bamon and Hintercgger [12]). The spectra shown in Figure
7 shows an increase in continuum intensity near 200A that may be
in part the Lyman limit of He II at 2284, The photoelectrlc
telemctered speetra agrees well with a phetographically obtalned
spectra (Figure 7) of Tousey and co-workers (Tousey et al (13D
June 21, 1961, who used an aluminum filter 10C0A thick to
eliminate scattered light in a grazing-incidence spectrograph.
This filter transmits from the Lyysyryedége of aluminum at 1704
to about S40A.,

A model of the grazing-incidence scamning monochromator

designed for flight on the Urbiting Solar Cbservatory-l was

« 15 =
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flown on an Aecrobee kocket on septenber 30, 1961 (Neupert and
Behring [141]). During operation the spectrometer was pointed
at the center of the solar disk so that radiation from the

entire solar disk and inner corona passed directly through the

entrance slit and struck a concave grating mounted in grazing-

O

incidence, the angle of incidence being &8°. The grating, an
original ruled in a special glass by the Nobel Institute in
Stockholm, had 576 lines per millimeter on a blank aof one meter
radius of curvature. The exit slit and detector were mounted

on a carriage which was driven on a circular rail so that the .
exit slit scanned along the Rowland Circle, where the spectrum
was focused, from 10-400A. The 50 micron entrance and exit
slits provided a spectral passband of 1.7A and permitted re-
solution of lines 0.85A apart. The detector was a windowless
photomultiplier with a tungsten photocathode to minimize response
to wavelengths above 15004, and to reduce changes in sensitivity
due to variations of the emission properties of the cathode. 1In

£light the instrument proved to be very quiet. With no

electromagnetic radiation entering the entrance slit the instrument

recorded one spurious count in elght seconds of time.

From the spectrum shown in IFigure § it can be seen that
there is good agreement with the spectra of liinteregger and
Tousey from 170-4C0A. It has been possible, by combining several
scans, to obtain evidence for line structure (Neupert [15]) in

the neighborhood of 50A. (Shown as the lower trace in Figure 8).
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2

NULCrous other emission lines

i

appear with combined flux
comparable to, or somewhat greater than, that of the helium
line., TResonance lines of heavy ions Qig throuzh Fe) are
xpected in this region, leading to attempts (zirin, Hall end

Hinteregzzer [171), (Veupert and Lehring {14]), to identify the
morce promincnt features of the spectrum in terms of such lines,

OCther than the 304A line of e II Lyman-alpha, the only lines
identified with relative certainty are the 2044 line of Fe XV
and the 3354 line of Fe XVI.

»

As mentioned before, the months of March and April of 1962,
were 1deal for a study of the solar LUV cpectra in that
obscervations could be made on both a quiescent and a disturbed
solar atmosphere. During the second week in lMarch the sun was
cspecially quict, the sunspot number being zero on 1l March.

As the month progressed the solar rotation carried scveral
centers of activity acrcoss the visible hemisphere of the sun,
Definlte enhancements in the solar spectrum were associated with
thege centers of activity.

Firure 10 presents two scans, of the EUV spectrum which were
obtained with a separation in time of approximately ten days
(Meupert, Dehring and Lindsay [18]1 .) During the first of these
observations only one sm2ll region of activity was present on
the solar disk. In spite of this low level of activity it is
observad that the Fe XV and Fe XVI lines persist as two of the

rmore prominent features of the spectrum, The second spectrum

- 21 =
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vas obtained while several larze and well-developed centers
of activity were present on the dick. Comparing these two
spectra, we observe that the emission lines have increased

in intensity, but not all by the same amount., The Fe XV and
Fe XVI lines, already prominent even in the absence of solar
activity, have incrcased in intensity appreclably more than
any other line observed with certainty in this spectral range.
The He II line has also increascd, but by a lesser anmount,

The relationship of these observed counting rates to

several ground-based measurements of solar activity 1s presented

in Figures 11 and 12, In FPigure 11, the le II radiation is
compared with daily values of the solar flux at 2800-Me, and
with the Zurich Frovisional Relative Sunspot Number (ZFRSN).
Also shovn is an estimate of the calecium plage area, each area
being weighted by the estimated intensity of the area on scale
from 1 to 5. Values for this computation were supplied by the
Mcliath-Hulbert Observatory. In Figure 12, the caily values of
solar flux at 2600-Mc and the Zurich Frovisional Relative
Sunspot Number are compared with radiation due to the coronal
lines of Fe XV (284A) and Fe XVI (3354). The estimated calcium
plage intensity is also shown.

As would be expected, the effect of flares upon the solar
flux near 3004 was not as striking as for the 10A X-ray regzion
of the spectra. This is illustrated by data shown in Figure 13
for a class-2 flare that occurred at approximately 2000 UT the

20 April 1962. Coinciding closely with the H-alpha flare there
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'Figure 13. Enhancement of EUV Lines During Class-2
‘ Flare on April 20, 1962
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The initicl anclysis of cnly three lines (Ile II 2044,
. iy o o ampr nar s M ss ) s
To XV 2844, Fe AVI 5354) already indicates that the relative

orominence of speetral lines may depend upon the age of the

»

center of activity which is responsible for the increased
rediation., As an example of this, one may observe (Figure 12)
that the maximum emission in the Fe IV apparently occurs later
in time than the maximm for the 2000-lc radio flux or for the
plage areas observed during Merch, April and Moy. In additlon,
to such a slowly changing effcci, one may note that localized
perturbations appear (7-9 March and 16-17 April) for which the
'relative increascs are considerably differcnt for the helium
and the iron lines. It appears thet in these instances we are
observing phencmena localized at particular levels in the solar

atmosshere,

TARLE X
I? C‘"““"'S IN SULAR LUV SriCTROVIIOTONETIR
COUTING RATZS
g March 1962 to 23 lMarch 1962
STLECTRAL RANGE AVENAGE COUNTING RATE

INCRIASE

171A - 228A 5%

2294 - 300A 0

229A - 30EA 52%

2054 - 400A S0%(estimated)
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crincipal obscrvations discussed may be summarized

B
as follows:

(1) A slowly=-varying component has been observed in the
solar Z~ray flux that corrcletes with the slovly-varying
component of the 2600-lic solar radiatlon and with the plage

activity. It is evident that plases are the major source of
k J

[

solar X~rays for relatively quiet sun conditions.

.

(2) The lowest Xeray flux that has been measured {rom
-2

satellites was for x<.GA, 3.6 x 10 erzs ca sec'l; for
- —‘7 -
A< 114, 1.8 x 10 4 erzs cm T ogec i . This may be considered

-
L)

as an upper becund from a Yquict? sun.

(3) When the sun emits an Z-zay f£lux of 1< 8A in excess of

-3 -1

-2
0.6 x 107~ ergs em™~ sec” ~ some optical indication of activity
is usually observed. If the flux is in excess of

«
2 x 1077 erg cm~? see”l rndio fadeout and other SID phenomena
oceur.,

(4) Variations of a factor of two in X~-ray emlssion have

bteen observed to occur in the ogder of one seccond.

(5) Active promincnces and bright limb sources have been
observed to produce H-ray events,

(6) The X-ray flux from the sun is quite varieble., Out
of several hundred hours of observation only siz hours were

found in which the Xeray flux did not vary by more than five

percent.



(7) The flare uuocs.‘:J X-ray spectrum was observed
to harden as compared with pre-flare spectrum.

(8) No definite statement can be made at this time con-
cerning correlation of X-ray events with H-alpha flares since
X-ray events have been observed vhen no H-alpha ¢vent vas re~
ported although obssrvations were presumably being made.

(9) Tha He II (X04A) emission is enhanced by a factor
of about 331 during a period when the Zurich Frovisional Relative
Sunspot Humber increased from zero to a maximm of 94 and the
2800-Mec flux varied from approximately 76 to 125 x 10 %%~ p-l,

(10) The Fe XV (264A) and Pe XVI (335A) coromal lines were
enhanced during the same period by a factor of approximately four.

(11) The enhancemsuts of He II (3044) and Fe XV (284A) and
Fe XVI (335A) dus to plage activity were much larger than en-
hancements dus to flares that occuxred during the three-month
interval of the observations.

(12) The variations in intensity of the Re II (304A), Fe XV
(284A) and Fe XV1I (J35A) represent the extrases obsexved. If
one averagss sixty of the reliably observed lines between 1714
and 342A the enhancemant is betwesn 502 and 80% for the time
interval § March to 23 March.

(13) Although thaxe sppears to be a gross corrslation between
solar activity indices (such as 2800-Mc flux) and the He II,

Fe IV and Fe XVI fluxes, there are indications that the relative
procinence of the spectral lines may depend upon the age of the
center of activity.
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